Sequence census methods like ChIP-seq now produce an unprecedented amount of genome-anchored data. We have developed an integrative method to identify patterns from multiple experiments simultaneously while taking full advantage of high-resolution data, discovering joint patterns across different assay types. We apply this method to ENCODE chromatin data for the human chronic myeloid leukemia cell line K562, including ChIP-seq data on covalent histone modifications and transcription factor binding, and DNase-seq and FAIRE-seq readouts of open chromatin. In an unsupervised fashion, we identify patterns associated with transcription start sites, gene ends, enhancers, CTCF elements, and repressed regions. The method yields a model which elucidates the relationship between assay observations and functional elements in the genome. This model identifies sequences likely to affect transcription, and we verify these predictions in laboratory experiments. We have made soft- * A full version of this paper is available as Unsupervised pattern discovery in human chromatin structure through genomic segmentation at dx
INTRODUCTION
Our method, Segway, is an unsupervised machine learning architecture that simultaneously segments and labels the human genome on the basis of diverse functional genomics data sets. The resulting labels correlate with known classes of functional elements and facilitate the generation of hypotheses regarding novel types of functional elements. The segmentation enables a simpler, higher-order abstraction of patterns that recur in these data sets, freeing researchers from the necessity of examining the combinatorial jungle of signal or peaks in dozens of individual tracks.
Segway rediscovered protein-coding genes on this data set in a totally unsupervised fashion, modeling both the signal of chromatin marks and open chromatin at various gene components, and the transitions between these components. TSS segment labels and TSSs in the GENCODE reference annotation showed the strongest association ( Figure 1 ).
Window Position
Scale chr6:
Human Mar. 2006 (NCBI36/hg18) chr6:33,044,414-33,057,260 (12,847 bp) 5 kb 33046000 33047000 33048000 33049000 33050000 33051000 33052000 33053000 33054000 33055000 33056000 33057000
Segway 31 Relative distance to TTS Normalized signal 
